This book examines the architecture of the Internet and how it affects the economic environment for innovation. Throughout her book, van Schewick refers to the original design principles of the Internet that shaped its architecture, and the tendency of network providers to deviate from these principles because of technical and economic reasons. These deviations can negatively impact the design and development of innovations for future utilisation of the Internet. This makes it much more difficult to change certain parts of the Internet's architecture, consequently hampering the quality of application innovation at significant costs to society.
We first provide an overview of each chapter and then present a number of critical comments, in particular on how the book relates to standardization research. Chapter 1 introduces a theoretical framework of how architectures relate to economic systems and impact innovation. Chapter 2 discusses the (retrospective) end-to-end arguments, which provide direction to positioning functionality in a layered architecture and explains the reasons for moving application-specific functionality upwards in those layers. The author argues there is no single end-to-end principle but in fact there are two: a narrow and a broad version that are different in scope, content and validity. Only the broad version affects the economic environment for innovation and is defined as: "A function or service should be carried out within a network layer only if it is needed by all clients of that layer, and it can be completely implemented in that layer". Chapter 3 describes how the original design principles (modularity, layering and these end-to-end arguments) shaped the initial architecture of the Internet. Modularity allows for an independent and loosely coupled component design, but imposes restrictions on overall performance. Integrated designs, with tightly coupled components in several architec-ture layers, are sometimes favorable for specific solutions but impact and restrict future design choices. Chapter 4 shows how differences in the costs of innovation with respect to modules may affect the level of investment and the rate of change using real options analysis. Chapter 5 focuses on the implications of architecture choices for organizations and innovators. In her analysis, van Schewick shows that in a network architecture based on the broad version of the end-to-end arguments, anyone who is able to program can develop new applications and be a potential innovator. However, in network architectures that deviate from the broad version, this number of innovations will be much lower because of technical and cost restrictions. Chapter 6 explores how an architecture may affect the competitive strategies of developers of complementary components, in particular monitoring and controlling the execution of neighboring components. Network providers might have an economically motivated incentive to discriminate against some applications or favor others. Modular architectures impose fewer restrictions and are less costly in innovation than integrated designs. In integrated designs, changing a particular aspect of the architecture often results in the necessity to change other parts of that architecture as well. Chapter 7 discusses how increases in the application-specific functionality in the core of the network, and thus deviating from the modular architecture, impact the economic environment for innovation at the application layer. The more application-specific functionality in the network's core, the fewer innovation incentives there are for independent application developers. Chapter 8 details these different network architectures and examines decentralized and centralized environments for innovation and the related differences in type, number and quality of innovations. Network providers have both technical (e.g., performance) and economic (e.g., restricting applications) reasons for a more centralized environment. Chapter 9 looks at the economic and non-economic consequences of complying with or deviating from the broad version of the end-to-end arguments and shows that public interests in network architecture diverge from the interests of network providers. This can severely impact the future evolution of the Internet's architecture and its economic consequences. The conclusions suggest public policies on the future of the Internet's network design and its development. Van Schewick advocates an Internet in which users, rather than network providers decide how to use the network.
After the introduction in Chapter 1, Chapters 2 and 3 provide a comprehensive discussion on the end-to-end arguments and the original architecture of the Internet. It gives details on the layers of the Internet architecture, including the TCP/IP protocol suite in the transport and internet layer. Van Schewick gives much credit to Saltzer, Reed and Clark as the ones who "first identified, named, and described" these end-toend arguments (p. 56). At least the same credit should have been given to the Internet pioneers that contributed to its early development, by their theoretical foundations and ideas of openarchitecture networking (Leiner et al., 1997) . A few of these researchers are mentioned but only in the notes section. Furthermore, what is missing is a discussion about why TCP/IP was chosen instead of the similar functionality of the OSI model. What would have been the economic impact and innovation possibilities if the Internet had been implemented using (parts of) this OSI mode? The acronym OSI (ISO Reference Model for Open Systems Interconnection) is only mentioned once in the whole book, in a note. Furthermore, a condensed discussion on the end-to-end arguments would have increased readability. Unfortunately the same is true for Chapters 4 through 6. Although the section on real option theory applied to modular and integrated architecture adds value to the discussion, the remainder of Chapter 4 keeps on repeating the issues at stake. Chapter 5 should really have been written more concisely, to bring the message across about architecture and the organization of innovation. In Chapter 6, instead of using a number of thought experiments, the use of more real cases, followed by subsequent theorization would have added to the discussion on architecture and competition among makers of complementary components. Chapters 7 and 8 are more readable as they deal with practical and topical issues. A number of interesting cases are considered which describe the effects of centralized and decentralized environments for application. Also the important role of venture capitalists is discussed. But some topics are repeated over and over again, such as 'the case of Amazon started by Jeff Bezos in the garage of his newly rented house in Seattle'. Chapter 9 again has a number of repetitive discussions and also contains the longest sentence in the book (p. 363) that stretches over 10 lines, which we have read 20 times but are still unable to grasp the meaning. Fortunately, the conclusions of the book are nicely presented. This last chapter emphasizes that the future of the Internet is at stake. These ideas, however, were already identified by Blumenthal and Clark (2001) , "We argue that the open, general nature of the Net, which derived from the end-to-end arguments, is a valuable characteristic that encourages innovation, and that this flexibility should be preserved". Although van Schewick mentions this source, she should give more credit to these authors -the main argument of her book is not new.
The architecture of the Internet is laid down in standards and thus the design and modification of the architecture can be seen as a standardization process which can be studied using standardization theory. Unfortunately, van Schewick does not use this lens and therefore she ignores several aspects that standardization researchers would have addressed such as the rules of the standardization process, the involvement of stakeholders, and the standards battle with OSI. In this sense, the book is disappointing. However, the book is definitely interesting for standardization researchers because it emphasizes the importance of "architecture", a topic that has received little attention in standardization literature (some exceptions: Bouma & Winter, 1984; De Vries, 1999; Schacht, 1991; Sinnott & Turner, 1995) . A standards structure should be based on a structure of the technology and/or services and, in turn, standards shape the architecture of technology. This architecture preferably has a layer structure and, when applicable, modules within layers (De Vries, 1999) . A basic standard can describe the structure. Other standards set requirements or provide test methods for entities, groups of entities, or interfaces between entities. In a good standards structure, a standard can be changed without affecting too many other ones. In a stable standards structure, interface specifications are kept unchanged during a long period of time. This can be reached when the modules or layers each provide different functions. A functional analysis of entities and standards related to these entities can be of help in designing an entity architecture and a related standards architecture that are stable in time. A stable standards architecture enables modifications of individual standards to honor innovations. Such a structure enables parallelization of research, product development, process development, maintenance, and marketing. Van Schewick convincingly shows how such an architecture is related to innovation possibilities and thus to business successes or failures and, finally, to impact on society. This topic deserves more attention in standardization research, in particular because standardization increasingly concerns complex systems.
All in all, van Schewick deserves credit for writing a book about Internet architecture, policy and neutrality and how innovation actually evolves. Should you not have the time or are not willing to read 586 pages, then just read the final chapter and you will certainly not miss the key points on the importance of the broad version of the end-to-end arguments and its deviations.
